The adaptation and immunogenisity of Cryptosporidium parvum isolated from Siberian chipmunks (SC1 strain) in immunocompetent (ICR) mice were examined. The oocysts were received to the severe combined immunodeficiency (SCID) mice by repeated passage. The oocysts collected from the 18 th SCID mice were inoculated to 5 ICR mice. The mice began to shed oocysts from 6 days after inoculation, the patency was 5 days, and the maximum oocysts per gram of feces (OPG) value was 10 4 . The maximum of OPG value was gradually increased by successive passage, and finally that in the 22 nd mice reached 10 6 (patency: 11 days). It is considered that these results indicate completion of their adaptation to ICR mice. To examine the immunogenicity of C. parvum to ICR mice, 8 groups of 5 mice each were inoculated with 1.3 × 10 6 oocysts of SC1 strain, which were collected after adaptation to SCID mice. All groups shed oocysts from 6 th day, and their patency was from 8 to 12 days. On the 21 st day after the primary infection, these mice were challenged with 1.3 × 10 6 oocysts. No oocysts shed from any groups, although 2 control groups shed oocysts from the 6 th day, and their OPG values were more than 10 6 . These results suggest that this strain has strong immunogenicity against ICR mice. Therefore, the immunological healthy mice were considered a useful experimental model to investigate immunological and drug treatments in the strain of C. parvum.
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Cryptosporidium, mice, adaptation, immunogenicity, experimental model It is well known that Cryptosporidium parvum causes the diarrheal disease, cryptosporidiosis, in human and economically important food animals, such as cattle, throughout the world. Despite the fact that many researchers are making great efforts in the characterization of vaccine, immunotherapy and drug targets, prevention and treatment of cryptosporidiosis have not yet been completely established. Thus, C. parvum is one of the most serious and life-threatening opportunistic infections especially associated with immunodeficient hosts, such as AIDS patients, mostly due to lack of effective therapy against the infection. For example, although the effect of hyperimmune bovine colostrum against C. parvum on infection in cattle, humans, and mice was reported (Fayer et al. 1989a , b, Tzipori et al. 1986 , continued research has not yet been performed.
Management of the infection experiment is difficult in cattle, and immunocompetent mice were not suitable hosts for experimental infection of C. parvum because little oocyst shedding was found in immunological healthy (ICR) mice after inoculation of C. parvum (Matsui et al. 2000) . In brief, it seems that examination in vivo is difficult. However, we have also reported that the adaptation of C. parvum in severe combined immunodeficiency (SCID) mice was recognized by several passages of oocysts preliminarily (Matsui et al. 2000) . Additionally, C. andersoni isolated from cattle in Japan was successfully transmitted to SCID and immunocompetent mice (Matsubayashi et al. 2004 (Matsubayashi et al. , 2005 . Therefore, we attempted to confirm adaptation to ICR mice by successive passages of oocysts of C. parvum highly adapted to SCID mice in order to establish an experimental model using mice, which are extremely useful for infection experiments. Furthermore, the immunogenicity of C. parvum in ICR mice was also examined in the present study. C. parvum was isolated from Siberian chipmunks (SC1 strain) (Matsui et al. 2000) . These were subjected to passage in SCID mice to multiply oocysts. The oocysts were stored at 4 o C in 2% potassium dichromate solution and used within 1 month. Five-week-old SCID mice for an adaptation assay and immunocompetent ICR mice for adaptation and immunogenicity assays were used in the present study. They were obtained from a commercial source (CLEA Japan, Tokyo), confirmed to be free of natural coccidian infections by fecal examination prior to experiments, and then raised in a coccidian-free environment. The animal experiments in the present study were carried out with the approval of the committee at the Kyorin University School of Medicine (No. 42-1). The original oocysts isolated from Siberian chipmunks were inoculated to 5 SCID mice, and the oocyst output and number of oocysts per gram of feces (OPG value) were examined daily, as previously described (Matsui et al. 1994) . The oocysts adapted to SCID mice were obtained by repeated passage with the same methods. Oocysts collected from the 18 th SCID mice were inoculated to 5 ICR mice, and then the oocyst output and OPG value were examined every day. Then the oocysts collected from the feces of mice were purified by a sugar centrifugal floatation method (specific gravity of sugar solution: 1.153). The oocysts were received by repeated passage for adaptation using the same methods as in SCID mice mentioned above.
To examine the immunogenicity of C. parvum to mice, 8 groups of 5 ICR mice each were inoculated with 1.3 × 10 6 oocysts of the SC1 strain collected after adaptation by SCID mice. Then these mice were challenged with the same number of oocysts on the 21 st day after primary infection. Additionally, 2 groups were inoculated with the same number of oocysts as positive control that means the primary infection to mice at the same age in day with the above groups challenged. All groups were examined daily for oocyst output and OPG values.
The mean OPG values by repeated passage of oocysts in SCID mice inoculated with the C. parvum SC1 strain were shown in Fig. 1 . The oocyst output was detected only by the sugar floatation method, which detected an uncountable number of shedding oocysts in feces until the 25 th day after infection, and the OPG value was 10 5 in the 1 st passage to the mice. The oocyst shedding gradually increased generation after generation, the prepatent period was 6 or 7 days, and the maximum OPG value finally reached 10 6 . Furthermore, ICR mice were inoculated with oocysts of the SC1 strain collected from the 18 th SCID mice (Fig. 2) . The patency was 5 days, and the maximum OPG value was 10 4 for the 1 st passage. The prepatent period was 6 days in all generations, and the maximum OPG value reached 10 5 in the 2 nd mice. Susceptibility of the SC1 strain to the mice gradually increased, and then the 22 nd ICR mice showed 10 6 of the maximum OPG value and 11days of patency. Thus, those results demonstrated that the strain of C. parvum could completely adapt to immunocompetent mice.
The ICR mice in all 8 groups received oocysts of the SC1 strain shed oocysts from 6 days after primary infection and their patency was 8 to 12 days. After challenge infection, no oocyst shedding was found in all groups, while the prepatent period and OPG value were 6 days and more than 10 6 , respectively, in 2 positive control groups. These results were summarized in Table 1 . It has been reported for the immunogenicity of Cryptosporidium spp. that C. baileyi and C. muris showed strong immunogenicity to chicken and Table I Tomohide Matsuo et al. 192 mice, respectively (Matsui et al. 1992 (Matsui et al. , 1994 . It was also shown that the immune system plays a major role in infection of C. andersoni (Matsubayashi et al. 2005 ) and other Cryptosporidium spp. (McDonald et al. 1992) . Therefore, in addition to these reports, demonstrating the immunogenisity in ICR mice means that the immunocompetent mice are a useful experimental model for the strain of C. parvum. The adaptation and immunogenicity of a cattle strain of C. parvum were also investigated, and the results were similar to those for the SC1 strain, although the prepatent periods were longer than those of the SC1 strain in the early generations of mice (data not shown): For the 1 st ICR mice inoculated with oocysts of the cattle strain from the 10 th SCID mice, the patency was 6 days, and the maximum OPG value was 10 5 . The OPG value reached 10 6 and the patency was 10 days in the 21 st ICR mice, although the irregular change in mean OPG value was shown from the 2 nd through the 15 th mice inoculated with oocysts of the cattle strain. We have also reported that the invasion process of C. parvum in SCID mice was examined by electron microscopy, and then parasites attached among microvilli, were enveloped with the membrane derived from numerous microvilli, and developed within the host cell (Umemiya et al. 2005 ). The present study proposed a possibility of a useful experimental model, and the fact that immunocompetent mice are available for infection experiments of C. parvum, as shown in the present study, will be a greatly help for much research, such as assay systems in the development of vaccine, immunotherapy, and chemotherapy in the near future.
